Adequate management of saline water irrigation and nitrogen (N) fertilizer application in agriculture can contribute substantially to expanding guava cultivation in the semi-arid region of Northeast Brazil. This study aimed to evaluate gas exchange and production of 'Paluma' guava cultivated with different levels of water salinity and N. The experiment was carried out in drainage lysimeters under field conditions in an experimental area of the Federal University of Campina Grande (UFCG), Campus of Pombal, PB, Brazil. The experimental design was randomized blocks, in a 5 × 4 factorial scheme, with five levels of water salinity -ECw (0.3, 1.1, 1.9, 2.7 and 3.5 dS m -1 ) and four doses of N (70, 100, 130 and 160% of the recommendation) with three replicates. The dose relative to 100% corresponded to 541.1 mg of N dm -3 of soil. The following production components were evaluated: number of fruits, mean fruit weight, polar and equatorial diameter of fruits, and polar diameter/equatorial diameter ratio. In addition, the following physiological variables were evaluated at 180 days after fruit pruning: stomatal conductance, CO 2 assimilation rate, internal CO 2 concentration and transpiration rate. CO 2 assimilation and transpiration rate were used to calculate instantaneous water use efficiency. The interaction between water salinity and N doses did not cause significant effects on any variable studied. Irrigation water salinity above 0.3 dS m -1 hampered gas exchange at 180 days after fruit pruning and negatively affected production components.
Introduction
Fruit species have great importance in Brazil, especially guava which reached a production level of 359.3 thousand tons in 2014 in a cultivated area of 16 thousand hectares. The states of São Paulo (37.2%) and Pernambuco (27%) are the largest national producers of guava (IBGE, 2014) . This fruit crop is one of the most cultivated on commercial scale in most regions of Brazil (PEREIRA et al., 2011) .
Guava has great importance among the fruit crops cultivated and commercially exploited in irrigated areas of Northeast Brazil, but these areas are characterized by high evaporation rates, irregular rainfall and inadequate drainage. In addition, the water from the sources frequently has electrical conductivity above 1.5 dS m -1 , which can limit agricultural production, causing morphological, physiological and biochemical alterations in plants, hampering fruit development, production and quality (NEVES et al., 2009; DIAS et al., 2011; FREIRE et al., 2014) . The effects of high levels of salt in the soil is manifested by changes in physical and chemical attributes, which reduce the osmotic potential of the soil solution, and by the direct action of specific ions on the mineral nutrition of plants (CAVALCANTE et al., 2009; DIAS et al., 2011) .
Among various processes affected by salinity, it is known that water absorption by plants and gas exchange are negatively affected because saline stress causes morphological alterations, such as nutritional imbalance, reductions in stomatal conductance, photosynthetic rate and transpiration, and it can probably occur in response to stomatal closure, regulated by hormones, due to alterations in photochemical parameters and in carbon metabolism (CHAVES et al., 2009) ; this stress leads to reduction in the osmotic potential. It is assumed that this behavior can reduce plant growth because of the lower absorption of CO 2 from the atmosphere and, consequently, causes a reduction in photosynthesis (PRAXEDES et al., 2010) .
Various studies have been carried out to evaluate the effects of saline water irrigation on the guava crop (CAVALCANTE et al., 2005; MACIEL et al., 2007; SOUZA et al., 2016 SOUZA et al., , 2017 . However, these have been limited to rootstock production only. Therefore, it is important to conduct studies to identify the effects of saline stress on the guava crop in the post-grafting stage.
In this context, adopting management strategies to mitigate the deleterious effects of salinity on plants is of great importance for the establishment of crops in the semi-arid region of Northeast Brazil. Management of N fertilizer application stands out among these practices. According to Barhoumi et al. (2010) , application of N fertilizer, besides promoting plant growth, can also reduce the effect of salinity on plants. Such an effect can be attributed to the functions of the N in plants, since it performs structural functions, participating in various organic compounds which are vital for the plant, such as amino acids, proteins and proline. In addition, studies conducted by Lacerda et al. (2003) and Silva et al. (2008) have demonstrated that the accumulation of these organic solutes increases the plants' capacity for osmotic adjustment to salinity and increases crop resistance to water and saline stress. Thus, adequate management of nitrogen fertilizer application can be an alternative to mitigate the effects of irrigation water salinity on guava plants.
Given the above, this study aimed to evaluate the effect of water salinity levels and different N doses on the physiological variables and production components of guava during the first production cycle.
Material and Methods
The experiment was carried out from October 2015 to July 2017 at the Center of Sciences and AgriFood Technology (CCTA) of the Federal University of Campina Grande (UFCG), Pombal-PB, Brazil (6º48'16'' S; 37º49'15'' W; 144 m), in pots adapted as lysimeters under field conditions. According to Köppen's classification, the region is classified as hot and semi-arid (BSh), with a mean annual temperature of 28 ºC and rainfall of approximately 750 mm year -1 . Monthly values for mean rainfall, maximum and minimum temperatures and relative humidity in the municipality throughout the study period are presented in Figure 1 . nitrogen fertilizer application can be an alternative to mitigate the effects of irrigation water salinity on guava plants.
The experiment was carried out from October 2015 to July 2017 at the Center of Sciences and The experimental design was randomized blocks, in a 5 × 4 factorial scheme, with three replicates.
Treatments corresponded to five levels of irrigation water salinity (ECw levels of 0.3, 1.1, 1.9, 2.7 and 3.5 dS The experimental design was randomized blocks, in a 5 × 4 factorial scheme, with three replicates. Treatments corresponded to five levels of irrigation water salinity (ECw levels of 0.3, 1.1, 1.9, 2.7 and 3.5 dS m -1 ) and four N doses 378.7, 541.1, 703.4 and 865.7 mg of N dm -3 of soil, corresponding to 70, 100, 130 and 160% of the recommendation for greenhouse experiments, respectively (SILVA, 2015) . Plots consisted of 100-L plastic pots adapted as lysimeters, containing one plant each.
ECw levels were obtained by dissolving NaCl in water taken from the local supply system (ECw = 0.3 dS m -1 ). The amount of NaCl was determined based on the empirical equation proposed by Rhoades et al. (2000) : Cs = 10 × (ECwd -ECw) × Eqw, in which Cs = salt concentration (mg L -1 ); ECwd and ECw = desired level of water electrical conductivity and electrical conductivity of the local supply water (dS m -1 ), respectively; and Eqw = equivalent weight of the salt, in this case 58.45.
The soil used in the experiment was classified as Fluvic Neosol (EMBRAPA, 2013) . Samples of this soil were collected and then analyzed at the Laboratory of Soils and Plant Nutrition of the UFCG, Campus of Pombal. The chemical and physical characteristics of the soil, determined according to Donagema et al. (2011) , are presented in Table 1 . The soil used in the experiment was classified as Fluvic Neosol (EMBRAPA, 2013) . Samples of this soil were collected and then analyzed at the Laboratory of Soils and Plant Nutrition of the UFCG, Campus of Pombal. The chemical and physical characteristics of the soil, determined according to Donagema et al. (2011) , are presented in Table 1 . KCl at pH 7.0; Na + and K + were extracted with 1 mol L -1 NH 4 OAc at pH 7.0; P was extracted with Mehlich 1.
The rootstocks were originally from 'Crioula' guava seeds from a commercial plantation at the Mocó Agropecuário Farm, municipality of Aparecida, PB. Grafting was performed at 180 days after sowing, 5 cm above the rootstock collar. The cultivar 'Paluma' was used as scion, being a vigorous genotype with easy propagation and good tolerance to pests and diseases, especially rust (Puccinia psidii Wint.) (MANICA et at., 2001 ). In addition, it is readily available and the most cultivated cultivar in Brazil, although poorly evaluated in terms of tolerance to salinity in interaction with N doses (DIAS et al., 2012) .
In October 2015, when the grafted seedlings of 'Paluma' guava had four pairs of true leaves, they were transplanted to 150-L lysimeters perforated at the bottom to allow free drainage. The lysimeters were filled using 150 kg of substrate composed of Fluvic Neosol + sand, at a proportion of 85% and 15%, respectively. After placed in the lysimeters, the material was brought to field capacity using water with ECw of 0.3 dS m -1
.
Fertilizer was manually applied using 189.5 g of single superphosphate (as a single dose at planting) and 17.28 g of potassium chloride split into three parts; 1/3 of the recommended potassium chloride pH se -pH of the soil saturation extract; EC se -electrical conductivity of the soil saturation extract at 25 ºC; organic matter was determined by Walkley-Black wet digestion; Ca 2+ and Mg 2+ were extracted with 1 mol L -1 KCl at pH 7.0; Na + and K + were extracted with 1 mol L -1 NH 4 OAc at pH 7.0; P was extracted with Mehlich 1.
In October 2015, when the grafted seedlings of 'Paluma' guava had four pairs of true leaves, they were transplanted to 150-L lysimeters perforated at the bottom to allow free drainage. The lysimeters were filled using 150 kg of substrate composed of Fluvic Neosol + sand, at a proportion of 85% and 15%, respectively. After placed in the lysimeters, the material was brought to field capacity using water with ECw of 0.3 dS m -1 .
Fertilizer was manually applied using 189.5 g of single superphosphate (as a single dose at planting) and 17.28 g of potassium chloride split into three parts; 1/3 of the recommended potassium chloride dose was applied at planting and the other two 1/3 were applied at 30 and 60 days, respectively, after transplanting.
Treatments began at 15 days after transplanting (DAT) and irrigation using salinized water was performed, according to the treatment, based on plant water demand, determined by the difference between the volume applied and drained in the previous irrigation. This was estimated by drainage lysimetry, maintaining soil moisture close to field capacity. Irrigation was applied twice a day, in the early morning and late afternoon, except in periods of rain. At 40 DAT, the water volume applied through irrigation was adjusted to provide a leaching fraction of 0.15 as a management practice to avoid excessive accumulation of salt in the soil.
Treatment with N fertilizer through fertigation began at 25 DAT. The doses were split into 28 weekly applications. One fifth of the dose was applied in the first eight weeks because the root system occupied only a small volume in the lysimeter. The remainder of the N was equally applied over 20 weeks. The N source was urea (45% N), which was dissolved in 0.3 dS m -1 water and used in all treatments.
Mechanical weeding, training and spraying were necessary to prevent and control fruit flies (Anastrepha spp. and Ceratitis capitata), bugs (Monalonion annulipes, Leptoglossus gonagra, L. stigma, L. zonatus, L. fasciatus, Holhymenia clavigera) and guava psyllids (Trizoida limbata).
At 60 DAT, branches were selected with respect to size, vigor and health, and pruning was performed to standardize the plants, leaving three main branches per plant which were responsible for forming the base of the crown, as recommended by EMBRAPA (2010). In February 2017, plants were subjected to continuous fruit pruning; only mature branches capable of flowering were pruned, leaving 15 cm in length on average.
Production was evaluated based on the number of fruits per plant and mean fruit weight. The first production cycle began at 30 days after fruit pruning. In the period of fruit maturity, the following parameters were measured: fruit polar diameter (FPD) and fruit equatorial diameter (FED).
During production, the following leaf gas exchange parameters were measured 180 days after fruit pruning (DAFP): internal CO 2 . All measurements of gas exchange were performed in fully expanded mature leaves (third leaf from the apex). Readings were taken between 08:00 and 10:00 h, using an artificial source of radiation with an intensity of 1200 μmol m -2 s -1
, at ambient temperature and CO 2 concentration (BRITO et al., 2012) .
The data obtained were subjected to analysis of variance using the F-test at 0.05 probability level and, in cases of significance, polynomial regression analysis was carried out using the program SISVAR (FERREIRA, 2011).
Results and Discussion
Irrigation water salinity had a significant effect on the variables stomatal conductance (gs), CO 2 assimilation rate (A), internal CO 2 concentration (Ci), transpiration rate (E) and instantaneous water use efficiency (WUEi) ( Table 2 ). In contrast, N fertilizer application and the interaction between irrigation water salinity and N dose (S × ND) did not affect any of the variables studied. A decreasing linear effect was observed on stomatal conductance (gs) as a function of the increase in ECw, with a relative reduction of 6.9% per unit increase in ECw, i.e., plants irrigated with 3.5 dS m -1 had a reduction in gs of 22.7% ( Figure  2A) . Flexas et al. (2008) , Silveira et al. (2016) and Kusvuran (2012) claim that a high salinity level in the irrigation water has a harmful effect on stomatal opening, increasing the resistance to CO 2 diffusion, a finding that was also observed in the present study, due to the conditions of saline stress to which guava plants were subjected in the evaluation period. A decreasing linear effect was observed on stomatal conductance (gs) as a function of the increase in ECw, with a relative reduction of 6.9% per unit increase in ECw, i.e., plants irrigated with 3.5 dS m -1 had a reduction in gs of 22.7% (Figure 2A) . Flexas et al. (2008) , Silveira et al. (2016) and Kusvuran (2012) claim that a high salinity level in the irrigation water has a harmful effect on stomatal opening, increasing the resistance to CO 2 diffusion, a finding that was also observed in the present study, due to the conditions of saline stress to which guava plants were subjected in the evaluation period. The CO 2 assimilation rate, A ( Figure 2B ), decreased from 7.9 to 5.9 µmol m -2 s -1 between the lowest (0.3 dS m -1 ) and highest salinity (3.5 dS m -1 ) treatments. This is equivalent to a reduction in A of 25.63% or 7.82% per unit increase in ECw. Due to a reduction in gs, A was negatively influenced. López-Climent et al. (2008) reported that plants, when subjected to saline stress, tended to show reduced CO 2 assimilation rates, caused by stomatal closure, which limits CO 2 entry into the cells; therefore, it is the main cause of the reduction in photosynthesis (MUSYIMI; NETONDO; OUMA, 2007) . . Such a relative reduction in Ci can be attributed to the lower values of stomatal conductance, a common response of plants to saline stress (PRAXEDES et al., 2010; SILVA et al., 2011) .
A decreasing linear effect occurred in transpiration rate (E), which showed a relative reduction of 11.4% per unit increase in ECw ( Figure  2D ). This represents a reduction of 37.8% in plants subjected to ECw of 3.5 dS m -1 in comparison to 0.3 dS m -1 water. According to Gonçalves et al. (2010) , there is a direct relationship between E and gs, and the water vapor flux to the atmosphere decreases as the stomata close. Consequently, there is a reduction in transpiration and, as a result, a reduction in stomatal conductance. Similar results were reported by Sousa et al. (2016) , who investigated irrigation water salinity levels of 0.6, 1.2, 1.8, 2.4 and 3.0 dS The CO 2 assimilation rate, A ( Figure 2B ), decreased from 7.9 to 5.9 µmol m -2 s -1 between the lowest (0.3 dS m -1 ) and highest salinity (3.5 dS m -1 ) treatments. This is equivalent to a reduction in A of 25.63% or 7.82% per unit increase in ECw. Due to a reduction in gs, A was negatively influenced. López-Climent et al. (2008) reported that plants, when subjected to saline stress, tended to show reduced CO 2 assimilation rates, caused by stomatal closure, which limits CO 2 entry into the cells; therefore, it is the main cause of the reduction in photosynthesis (MUSYIMI; NETONDO; OUMA, 2007). A decreasing linear effect occurred in transpiration rate (E), which showed a relative reduction of 11.4% per unit increase in ECw ( Figure 2D ). This represents a reduction of 37.8% in plants subjected to ECw of 3.5 dS m -1 in comparison to 0.3 dS m -1 water. According to Gonçalves et al. (2010) , there is a direct relationship between E and gs, and the water vapor flux to the atmosphere decreases as the stomata close.
Consequently, there is a reduction in transpiration and, as a result, a reduction in stomatal conductance. ] in WUEi, in comparison to those subjected to an ECw of 0.3 dS m -1 . Thus, it can be inferred that the increase in irrigation water salinity directly affects the WUEi of guava plants. These results may be associated with osmotic adjustment, i.e., the reduction in cell osmotic potential caused by the accumulation of organic solutes, contributing to the maintenance of water absorption and cell turgor and allowing for the continuity of physiological processes, such as stomatal opening, photosynthesis and cell expansion (SERRAJ; SINCLAIR, 2002).
Based on the F-test results (Table 3) , the levels of irrigation water salinity had a significant (p<0.01) effect on the number of fruits (NF), mean fruit weight (MFW), fruit polar (FPD) and equatorial diameter (FED). However, the effect was not significant (p<0.05) for the ratio between polar and equatorial diameters (FPD/FED). Nitrogen doses and the interaction between irrigation water salinity and N doses also caused no significant effect (p<0.05) on the variables studied.
The number of fruits in guava plants was negatively affected by the salt levels in the irrigation water and a linear equation was fitted ( Figure 3A ). There were reductions in NF of 1.2 fruits per unit increase in ECw, leading to a decrease of 15.5% in plants subjected to ECw of 3.5 dS m water. The reduction in the number of fruits per plant is probably due to the increase in salinity, resulting from the change in the osmotic potential, which reduces water consumption by plants and, consequently, the consumption of nutrients, and also reduces fruit setting. Table 3 . Summary of the analysis of variance for number of fruits (NF), mean fruit weight (MFW), fruit polar diameter (FPD), fruit equatorial diameter (FED) and ratio between polar and equatorial diameters (FPD/FED) in guava cv. 'Paluma' with saline water irrigation and different nitrogen doses in the first production cycle. The increase in irrigation water salinity linearly inhibited mean fruit weight (MFW) at a rate of 8.0 g per unit increase in the electrical conductivity of the irrigation water ( Figure 3B ). The results decreased from 69.7 to 44.2 g fruit -1 in plants subjected to ECw levels of 0.3 and 3.5 dS m -1 , respectively, causing a loss of 36.6%. Choudhry et al. (2001) , studying the quality of guava fruits under field conditions and in a nonsaline environment, claimed that fruits with a mean weight greater than 150 g are the most marketable. Thus, the fruits evaluated in the present study are below the comercial standard with respect to weight, and mean fruit weight suffered the most intense effect in comparison to the other production variables. Nonetheless, under the conditions of the present study, it can be claimed that water salinity negatively influenced the mean fruit weight in the guava crop, causing the values to fall below marketing standards.
Fruit polar diameter (FPD) was affected by irrigation water salinity and, according to the regression equation ( Figure 3C ), there were reductions in FPD of 7.1% per unit increase in ECw. , respectively, causing a loss of 36.6%. Choudhry et al. (2001) , studying the quality of guava fruits under field conditions and in a non-saline environment, claimed that fruits with a mean weight greater than 150 g are the most marketable. Thus, the fruits evaluated in the present study are below the comercial standard with respect to weight, and mean fruit weight suffered the most intense effect in comparison to the other production variables. Nonetheless, under the conditions of the present study, it can be claimed that water salinity negatively influenced the mean fruit weight in the guava crop, causing the values to fall below marketing standards.
Fruit polar diameter (FPD) was affected by irrigation water salinity and, according to the regression equation (Figure 3C . Following the same trend observed for FPD, fruit equatorial diameter (FED) also fitted to a decreasing linear regression model ( Figure 3D ) and showed a relative reduction of 5.69% per unit increase in ECw. FED decreased by 18.5% between plants subjected to the highest (3.5 dS m -1 ) and lowest (0.3 dS m -1 ) salinity levels.
As observed for number of fruits, polar diameter and equatorial diameter, the increment of salt concentration in the irrigation water caused a significant reduction in the mean weight of guava fruits ( Figure 3B ). Such a decrease is due to the effect of the saline stress, which may have caused reduction in the absorption of water and nutrients, and instability in the ionic balance and in plant metabolism, leading to losses in growth and production (MARSCHNER, 2005; MUNNS; TESTER, 2008; NIVAS et al., 2011) . Reductions in fruit polar and equatorial diameters result from the decrease in stomatal conductance and leaf transpiration, which directly influences the absorption of water and nutrients by plants. In addition, the reduction observed in CO 2 assimilation rate limited the production of photoassimilates and, consequently, caused reduction in the size of guava fruits. Taiz and Zeiger (2009) reinforce that gas exchange is of particular importance as it is the main source of organic carbon, energy for growth, biomass production and yield. Therefore, it is worth highlighting that the negative effects on gas exchange in the present study caused a reduction in the production variables.
In summary, management of N fertilizer application was not able to mitigate the effects of saline stress on the variables studied in this experiment. Perhaps the application of urea associated with an environment of high potential for volatilization (low relative air humidity and high temperatures) and/or leaching of the N applied inhibited its interaction with water salinity.
Conclusions
Irrigation water salinity above 0.3 dS m -1 negatively influences stomatal conductance, CO 2 assimilation rate, internal CO 2 concentration, transpiration rate, instantaneous water use efficiency, number of fruits, mean fruit weight, polar diameter and equatorial diameter of fruit.
Increments in N dose did not attenuate the deleterious effects of irrigation water salinity.
